We studied the time course of humoral and cellular immunity of guinea pigs injected with the synthetic adjuvant N-acetylmuramyl L-alanyl-D-isoglutamine (MDP Pasteur, 10 jig) 
(MDP Pasteur, 10 jig) in Freund incomplete adjuvant; the kinetics were compared with those obtained with Freund complete adjuvant (50 ,ug of whole Mycobacterium butyricum). The antibody response to ovalbumin was faster and higher with MDP, but dropped sooner to a low level; the secondary response was, however, again higher for MDP than for Freund complete adjuvant. Cellular immunity, as measured by delayed hypersensitivity, and migration inhibition factor production were positive for both adjuvants. The same response was followed in animals injected with MDPA, the nonamidated analog of MDP; the same kinetics as for Freund incomplete adjuvant were obtained for the primary response, but the secondary response was stronger and gave a positive delayed hypersensitivity reaction.
We have shown previously that N-acetylmuramyl L-alanyl-D-isoglutamine (MDP), a ubiquitous constituent of bacterial cell walls, can replace whole mycobacteria in Freund complete adjuvant (FCA), in its capacity to increase both humoral and cellular responses to an antigen (6, 11) . These results were confirmed by Kotani et al. (8) . Synthetic analogs have been prepared to define structural requirements for biological activity (9); a stereoisomer was shown to possess antiadjuvant (2) and immunosuppressive properties (5 Primary responses were about the same for MDPA and FIA, but after the second injection antibodies were slightly higher for animals first injected with MDPA (Fig. 1) . The maximum secondary response was obtained after 3 weeks in every case.
Immunoelectrophoresis. It is known that mycobacterial adjuvants induce the appearance of IgG2 type of immunoglobulins in guinea pigs (4, 13, 14) . MDP induced this effect, whereas only the IgGi precipitin arc was observed in sera of guinea pigs injected with FIA, both in primary and secondary responses (Fig. 2) . The arc of IgG2 appeared at week 3 and lasted until week 9 for guinea pigs injected with FCA or MDP, and this class of immunoglobulin was again present at the peak of the secondary response (3 weeks after the recall injection) until week 10, when the animals were sacrificed.
During the primary response, MDPA-injected guinea pigs had only IgGi immunoglobulins, but IgG2 immunoglobulins appeared during the secondary response (Fig. 2) .
DHS. Delayed hypersensitivity (DHS) was detected by two different criteria: the dermal reaction to 50 pug of ovalbumin intracutaneously injected and the inhibition of the peritoneal macrophages migration.
As expected from previous results obtained 4 weeks after immunization (2, 6), MDP-and FCA-injected animals exhibited a strong delayed reaction with induration and necrosis of the injected zone; no reaction or only erythema was induced in FIA-or MDPA-injected animals (Table 1). Groups of two guinea pigs of each series were spared for skin testing at 9 and 13 weeks of the primary response and at 3 and 10 weeks of the secondary response. MDP and FCA induced a positive DHS reaction both in primary and secondary response, FIA was without effect, MDPA-injected guinea pigs gave a positive skin test after the recall injection, and in every case there was a good correlation between the positive skin test and the presence of IgG2 immunoglobulin ( Table 2) .
Inhibition of macrophage migration has been described as an in vitro manifestation of cellular immunity. In the first series of experiments, appearance of migration inhibition factor (MIF) was measured in animals after skin testing. As compared to unsensitized animals, the migration of macrophages was inhibited even in animals injected with FIA, but to a lesser extent than in animals injected with FCA or MDP; a rather good correlation was found between the dermal reaction and percentages of inhibition ( Antigen-antibody complex was evaluated in the equivalence zone with the protein Folin reagent. Arrow indicates the time of recall injection. Each point is the mean offive animals (vertical bars, standard error of the mean). The means were compared by Student's t test, with results obtained with FIA. s, Significant (P < 0.05); h, highly significant (P < 0.01); significant differences between MDP and FCA (P < 0.05).
tivity was measured in animals without the second injection of antigen of the dermal reaction. MIF was present in guinea pigs injected with FCA or MDP (Fig. 3) immunoglobulins (4); these cytophilic antibodies may play an important role in the mediation of adjuvant effect. 
